Abstract: Various decision support methods are used to support the sustainable use of natural resources, but there is little evidence about these methods' actual performances. In this study, 35 carefully selected papers assessing the sustainable use of natural resources were evaluated. The evaluated papers utilized one of the following methods: optimization, costbenefit analysis (CBA) and monetary valuation methods, multi-criteria decision analysis (MCDA) or hybrid approaches. Each method supported sustainability in a different manner. Optimization and CBA case studies rarely involved stakeholders and social sustainability was less processed. Monetary valuation case studies showed a regular participation of the general public, but in a passive role. Experts and stakeholders with an active role were typical participants in MCDA and hybrid case studies. Internationally and nationally defined indicators of sustainability were scarcely used because indicators were frequently defined by stakeholders or the authors of the studied papers. It was presumed that international and national indicators were unsuitable for local use. Sustainability indicators typically took both the quantitative and qualitative form, including gaps and uncertainties. MCDA could be a suitable method for assessing sustainability because it has no strict requirements on the form of the data, and the participation of stakeholders is comprehensive. For the problem structuring phase, however, MCDA might not provide efficient tools. The ideal method for assessing the sustainable use of natural resources could be a hybrid of two methods with different approaches: qualitative methods could be used in the problem structuring process, whereas quantitative methods could be used when priorities and thresholds are assessed.
INTRODUCTION
Sustainable forest management (SFM) has become an important topic in forestry since the principles of SFM were defined in 1992 at the United Nations (UN) Conference on Environment and Development in Rio, Brazil [1] . Sustainability includes economic, ecological and social dimensions, which can be competing or exclusive [2] . The participation of the general public is also crucial in sustainable management of forest and other natural resources as well [3, 4] . Thus, management of natural resources is challenged by the demands of nemurous stakeholders and perspectives, posing challenges for decision-making. In forest management, decision-making has frequently culminated in conflict. These conflict situations can often be because of stakeholder different interests [5] or different understandings of what sustainability means.
There is no universally accepted definition for SFM, although it is often considered an extension of Bruntland's concept of sustainable development [6] . For centuries, sustainability has been described in forestry under the term "sustained yield" [7] , with the main attention on securing future harvests. Although sustainability includes social, economic, ecological and cultural aspects, occasionally one or more dimensions of sustainability are neglected in the decision-making process [8] . Over the past few decades, however, biodiversity loss, climate change, chemicalization and deforestation have gradually demanded more and more attention of both scientists and the general public. Consequently, ecological sustainability is becoming an established concept. Social sustainability is the most disregarded dimension of sustainability because of difficulties with defining and measuring the concept. Over recent decades, a range of institutions has committed principles of sustainability including social, economic and ecological values.
One of the most applied ways of assessing sustainability is the indicator approach. Indicators can provide useful information on the status and trends of sustainable development and such information can then be used by decision-makers. Sustainable development indicators (SDI) include economic, ecologic and social dimensions. Experts from several fields have participated in numerous meetings to compile lists of criteria and indicators (C&I). Lists of potential indicators have been compiled regionally, nationally and internationally, with immense investments of time and effort [9] . The conceptual use of these indicators as political tools is frequent, but their utilization in decisionmaking is limited [9] . In particular, defining the actual decision problem can be ignored if the process is strongly indicator-oriented, because the majority of time and effort is used to define suitable indicators instead of considering casespecific contextual decision alternatives that could foster sustainability. Decision-making is frequently unable to reach consensus or define actual decision alternatives and the preferences of the stakeholders, if there are no formal tools to assist the process.
Various decision support systems (DSS) and other less formal methods can provide support and structure to the decision process while assessing indicators and sustainability. Decisions are often made without the assistance of the methods, but when the number of decisionmakers and the impact of the decisions increases, the benefits of the methods become apparent. According to Martins and Borges [10] , a multi-criteria decision-making process includes three stages: (1) problem identification, (2) problem modelling and (3) problem solving. Problem identification includes identifying goals and objectives, management alternatives, related policies, resources, conflicts and interactions. The stakeholders are selected and their perceptions evaluated. Problem modelling includes building a model to represent the relationships between management alternatives and outcomes of interest and the management policy scenarios. In the problem solving phase, management alternatives are prioritized. Belton and Stewart [11] include defining the alternatives into the model building phase. The last phase of the process is the development of an action plan [11] . There can be iteration both between and within the phases of the decision-making process, and it can also be influenced by several factors e.g. decision-makers, clients, sponsors, saboteurs and the facilitators [11] .
The tools and methods assisting decision-making can be divided into qualitative and quantitative methods. Quantitative methods (or "hard OR") focus on generating quantified results. Qualitative methods (or "soft OR"), on the contrary, concentrate on cognitive and verbal concepts and structuring the problem. However, the methods often comprise both qualitative and quantitative features. The way of sequencing or mixing hard and soft components essentially affects the abilities of any method to grasp the various aspects of the decision problem at hand. Decision problems can also be divided into continuous, discrete and cases with several decision-makers [12] . Different methods are suitable for different problems.
Quantitative methods such as optimization have a long tradition in forest management. Optimization helps evaluate different plans of actions by maximizing or minimizing certain objectives in a continuous setting. A typical optimization application in forestry is defining the optimal harvest cycle. Another example of quantitative methods is the family of cost-benefit analysis (CBA) that evaluates decisions based on their costs and benefits, including benefits from non-market products and services. The estimates of those benefits are based on subjective preferences. Although economists have been criticized for putting a 'price tag' on nature, as Verbi and Slabe-Erker [13] state determining monetary values can be useful if they ensure that environmental impacts are given weight or concrete consideration in the decision-making process. In addition, if those non-market benefits of forests were not expressed in monetary terms in the evaluations, they might be omitted or even wrongly attributed to the other sectors of economy [14] . The third example of quantitative methods is the multi-criteria decision analysis (MCDA) approach that is widely applied in supporting decision-making in forestry and the use of other natural resources in discrete settings. At best, MCDA supports participation by measuring the preferences of stakeholders and giving them opportunities to influence and learn. Nevertheless, MCDA has also been criticized for its highly technical features [15] . In addition, MCDA might not support the participation of stakeholders if its main focus is on generating consensus and the diversity of viewpoints is being ignored [16] .
Qualitative methods can improve the participation and learning process [17] and assist stakeholders and the facilitator to reveal relevant factors, perspectives and issues during the problem structuring phase. This is particularly relevant in messy decisions with large datasets, which is typically the case in strategic large-scale forestry decisionmaking. Nevertheless, qualitative methods give little emphasis on generating solutions because the main focus is on structuring the problem [18] .
Because any single method might not be the best alternative for assessing the sustainable use of natural resources, the employment of hybrid approaches has also been suggested. Hybrid methods can be based on two or more methods that have dominant quantitative features, e.g., MCDA and optimization [19, 20] , but the hybrid methods often combine quantitative and qualitative methods. The benefits of the mixed hybrid methods are significant in ambiguous situations with conflicting goals of different stakeholders, when the relevant criteria and the decision alternatives might be difficult to find [11] . Hybrid methods support a comprehensive problem structuring and enhance participation without neglecting solution orientation [10, [21] [22] [23] [24] .
The participation of different stakeholders is connected to social sustainability, which is often mentioned as a requirement to achieve sustainable results. Stakeholders participating in the decision process include policymakers, planners and administrators in governmental and other organizations [25] . Selecting participants is a significant task because different stakeholders can produce different outcomes, and correspondingly the mechanism used to select stakeholders should be transparent [26, 27] . The role and power the participants are given can be substantial. Arnstein [28] described a "ladder of participation", a continuum of increasing stakeholder involvement from the passive distribution of information to active engagement. On the first steps of the ladder, participants are used more as "rubber stamps" than active participants. On the highest steps of the ladder, participation becomes more negotiating and the participants' power increases. However, a successful level of participation also depends on the objectives of the participation [29] , and participants can also have varying conceptions of proper participation [30, 31] .
Decision-making processes are frequently driven by experts and authoritative stakeholders, whereas less emphasis is given on the preferences of the general public [32] . Depending on the decision problem in question, engaging the general public into the process is expected to provide more generally acceptable and transparent results [32] . Stakeholders usually include members with little or no education in modelling or management of natural resources, and consequently they might be unable to understand complicated methods used during the decision process [17] . Models constructed by experts are often a "black-box" to the general public, causing distrust among stakeholders [33] . Stakeholders can also be reluctant to change their minds in situations where results produced using unfamiliar methods conflict with their intuitive or unaided decisions [34] . Because of these difficulties in understanding the methods [35, 36] , decision-making models should be more comprehensible.
Various DSS and other methods have been used to assess the sustainable use of forests and other natural resources without evaluating how these methods actually succeed in advancing the different dimensions of sustainable development. Additionally, how the application of different methods affects the success of stakeholders' participation is not been assessed. The general aim of this paper is to review and compare the characteristics of different methods of supporting the sustainable use of natural resources. The characteristics of the methods will be evaluated based on criteria related to a successful decision process that have been selected based on the challenges reviewed earlier in this paper: 1) the utilization of C&I; 2) the participation of stakeholders, experts and the general public; 3) the type of participation in terms of its activeness or passiveness; 4) the inclusion of ecological, economic and social sustainability; and 5) problem structuring from the perspective of its technical or problem orientation. This study will also explore the utilization of international, national and regional indicator lists as well as the different stakeholder groups' roles and occurrences in the participation processes when employing different decision support methods. The data analyzed in this paper include a sample of case studies related to the aim of supporting the sustainable use of natural resources.
The rest of this paper is organized as follows. In Section 2, a brief review of the methods applied to support the sustainable use of natural resources is given. In Section 3, the capabilities of the different methods used to process sustainability are evaluated. In Section 4, the results of these methods' abilities to support decision-making are discussed in context of sustainability and based on information obtained from case studies. The characteristics of an "ideal" method to support the sustainable use of natural resources are also considered.
DIFFERENT METHODS TO SUPPORT THE SUSTAINABLE USE OF NATURAL RESOURCES
For review and comparison, a sample of 35 case studies was selected ( Table 1) . The selected case studies comprise various families of methods for supporting the sustainable use of natural resources. In this section, those methods are briefly introduced and some examples of their practical utilization are presented. A more comprehensive review on optimization methods in forest planning is provided by Baskent and Keles [37] , CBA in environmental policymaking by Hanley [38] , CBA in forestry by Price [39] , MCDA and goal programming (GP) assessing forestry by Diaz-Balteiro and Romero [40] and MCDA in managing forests and other natural resources by Mendoza and Martins [18] .
(Multi-Objective) Optimization (Multi-objective) optimization refers to choosing the optimal of an infinite number of alternatives with respect to objectives [41] . Generally, the best alternative is the most profitable one in economic terms. However, ecological or social sustainability could also be included in the analysis, if these factors are measured in a numerical form. Optimization can further be categorized into linear programming (LP), GP, mixed integer programming (MIP) and heuristic optimization methodologies.
Linear Programming (LP)
In its simplest form, an LP model includes one objective to be maximized or minimized, with all other objectives expressed as constraints. Economic incomes or amount of biomass are usually factors to be maximized; however, one objective can be a linear combination of several objectives. In LP, the following characteristics of the problem are assumed: linearity of objectives, additivity of values, divisibility of the area treated and certainty of all functions included [42] . Sustainability features are typically included in the form of constraints. Therefore, a loss in short-term profitability can be interpreted as the cost of ensuring sustainability [43] . The amount and structure of loss is dependent on the definition and operationalization of sustainability in the optimization problem.
Goal Programming (GP)
GP minimizes the deviation between the achievement of the goals and their aspiration levels [44] . In GP, all objectives are expressed as goal constraints, and thereby all objectives are treated similarly, although target values affecting the outcome can be chosen arbitrarily. Because GP is considered to be a special case of LP with an infinite number of potential alternatives, in this study GP is included to optimizing methods. However, when multiple objectives are included, it can also be defined as a MCDA method [41] . Arp and Lavigne [45] demonstrated a GP model including goals on timber, recreation, hunting and wildlife, Gómez et al. [46] proposed a linear fractional GP model of a timber harvest scheduling problem and Bertomeu and Romero [47] presented a GP model for managing forest biodiversity.
Mixed Integer Programming (MIP)
In cases where some variables are integers, a contiguous MIP can be useful. However, the number of constraints is limited and the problem may be too complex to be solved [37] . The MIP is typically used when the problem includes spatial constraints. It has been used by Walters and Cox [48] for industrial harvest scheduling with sustainable forestry initiative principles, and by Bevers and Hof [49] to optimize habitat configuration resulting from forest treatment with respect to wildlife edge effects. In turn, Öhman and Wikström [50] used the MIP to incorporate aspects of habitat fragmentation, and Jiang et al. [51] to design a nature reserve network.
Heuristic Optimization
The application of heuristic optimization methods provides nearly optimal solutions without completely guaranteeing either the feasibility or optimality of the results. However, heuristic optimization overcomes several limitations of the previously discussed optimization techniques. In contrast to LP, heuristic optimization has no strict requirements for the data because there is no assumption of linearity or divisibility. Additionally, heuristic optimization is more comprehensive and adaptable to different optimization problems. Heuristic optimization problems might include one objective or a linear combination of several objectives or an objective function similar to GP [12] . Heuristic methods have been applied by Kangas et al. [19] for improving the quality of spatial forest planning, whereas Heinonen and Pukkala [52] and Jumppanen et al. [53] utilized them to develop harvest schedule. Pukkala et al. [54] , in turn, have used these methods for predicting timber harvests, and Boston and Bettinger [55] have applied heuristics to define the economic impact of green-up constraints. Kurttila et al. [56] employed heuristics in multi-objective forest planning to improve the spatial pattern of the habitats of the flying squirrel (Pteromys volans) and moose (Alces alces), and Pukkala et al. [57] have developed a spatial application of the decomposing technique first proposed by Hoganson and Rose [58] .
Cost-Benefit Analysis (CBA) and Monetary Valuation Methods
CBA is a calculation method for evaluating the profitability of a decision. If the benefits of the decision exceed the costs, the decision is profitable and should be actualized, whereas if the costs exceed the profits, the decision should not be taken. CBA does not require stakeholders' participation, but monetary evaluation methods such as choice experiment (CE) or contingent valuation (CV) are regularly utilized simultaneously to provide data for CBA on the values of non-market products and services. Participation is then passive, but according to Glass [29] such an approach is appropriate if the goal of participation is representing public preferences rather than social learning or conflict resolution. Often results obtained by using CBA or monetary valuation are used as an input to other methods, however these methods can just as well be used as the only method to assist decision-making process.
Despite its simplicity, the CBA can be costly. It is beneficial only when decisions are of a reasonable size; hence, the cost of the CBA should not exceed the benefit gained by using it. The environmental and social consequences are stressed in the same unit as the economic profits. The challenges of the employment of a CBA are connected, for example, to the appraisal of non-renewable natural resources [59] and the selection of 'appropriate' discount rates to reflect the time preferences of the decisionmakers [60] , which crucially affect the CBA evaluation results. The CBA has been used to assess carbon storage [61] , forest conservation [62] , wilderness preservation [63] and value biodiversity [64] .
Environmental valuation methods estimate the monetary values of environmental goods or services. In the empirical applications of these methods, the number of alternatives is restricted, and respondents have no power to affect the hypothetical alternatives, which are defined by the compilers of the questionnaire. The respondents are asked their willingness to pay (WTP) for a positive environmental change or willingness to accept (WTA) compenzation for deterioration. WTP can be evaluated by either CV or CE questions. Although monetary valuation can be the only decision-making method, it is often used as an input to other methods (mainly CBA). Monetary valuation has been used, for example, to assess forest certification [65] , eco-labeling [66, 67] , conservation [68] [69] [70] and recreational use [71] [72] [73] [74] [75] , to value biodiversity [76, 77] , assess recreational uses such as hunting and game management [78, 79] evaluate scenic beauty [80] and understand land use planning [81] .
When using valuation methods, it must be acknowledged that the actual payment that people are willing to donate might be considerably smaller than the amount they express in enquiries [82, 83] . People might also be worried about possible changes in the prices and state smaller WTP [84] . Additionally, respondents' incomes and places of residence, among others, can affect the amount people are willing to donate [70, 80] . Moreover, the expressed amount of payment might not entirely capture peoples' relationships with the environment [85] . By contrast, the employment of valuation methods can increase the participation of the general public.
Multi-Criteria Decision Analysis (MCDA)
The field of MCDA has developed quickly during the past 25 years, with divergent schools of thought emerging [11] . MCDA is based on preference measuring: the assumption that people are able to state whether they prefer option A or B and the strength of their preference [12] . The strengths of MCDA include the capability to deal with qualitative and quantitative data, which might include uncertainties. When letting stakeholders express their goals, build the decision model and negotiate respective criteria before preference measurements and the analysis of alternatives, MCDA can also be regarded more widely as a mixed methods application because active participation and problem structuring is enhanced. In this paper, only discrete MCDA methods were included. On the other hand, GP is often considered to be a continuous MCDA-method. In this paper GP is included to optimization methods.
Multi-Attribute Utility/Value Theory (MAUT/MAVT)
Multi-attribute utility/value theory (MAUT/MAVT) was one of the first MCDA methods [86] and has several modifications. It transforms diverse criteria (such as costs, risks and stakeholder acceptance) into a single utility or value to enable the comprehensive comparison of decision alternatives. The alternative with the highest utility or value is then selected. MAUT and MAVT are compensatory methods; thus, poor scores in one criterion can be compensated by high scores in other criteria. The difference between MAUT and MAVT is that MAVT value functions exclude decision-makers' risk preferences, whereas MAUT utility functions include these [12] . MAUT has been applied to selecting policy and financing instruments for the preservation of the forest [87] , whereas MAVT has been used by Ananda and Herath [88] to model stakeholder values in forest planning.
Analytic Hierarchy Process (AHP)
The AHP [89] is one of the most applied MCDA methods. It emphasizes decision-makers' preferences using pairwise comparisons of criteria and alternatives based on a nine-point preference elicitation scale. The process is straightforward because the comparison of two alternatives is more accessible than choosing the best alternative from several alternatives. However, as the number of comparisons increases, the method requires immense time and effort from decision-makers. This problem can be avoided by statistically modelling the pairwise comparison data [90] .
The AHP has been applied to natural resources management [19, 91, 92] and risk assessment [93, 94] as well as using ecological expertise in forest planning [95] and eco-labeling and certificating for forest products [96] . Furthermore, the AHP has been used to choose and prioritise the C&I of sustainability [97] [98] [99] , assess the sustainability of forest management plans [100] and analyze the participation of stakeholders [101] . In addition, statistical modelling techniques have been developed that enable the analysis of uncertainties of pairwise comparisons data [90, 102, 103] .
Analytic Network Process (ANP)
The ANP is an extension of the AHP [104] that focuses on dealing with dependencies among criteria. Wolfslehner et al. [105] compared the AHP and ANP with four different strategic management options with C&I, resulting in a different ranking of alternatives. Vacik et al. [106] , in turn, evaluated forest management strategies with the ANP and the indicators of SFM, providing a holistic evaluation of different strategies. Also, ANP has been applied to evaluate forest management plans in SFM framework [107] . In general, the number of published applications of the ANP is limited compared to AHP applications.
Outranking Methods
Outranking methods seek a degree of dominance of one alternative over another and allow the utilization of ordinal and more or less descriptive information [108] . The families of ELECTRE [109] and PROMETHEE [110] are the best known outranking methods. They have been applied to forest management [24] and the participatory natural resource planning process [111] .
Stochastic Multi-Criteria Acceptability Analysis (SMAA)
In addition to the statistical models related to AHP, SMAA [112] is an example of the MCDA methods that enable the analysis of uncertainties. The original SMAA methods performed a weight/space analysis based on additive utility or value function [12] . SMAA has several modifications. For instance, SMAA-2 [113] has been used for stochastic multi-criteria decisions with multiple decisionmakers and SMAA-O [114] for treating both ordinal and cardinal criteria. SMAA-O has also been applied to ecosystem management planning [115, 116] , whereas SMAA-2 has been used in participatory forest planning [117] and dealing with dependent uncertainties in forest planning [22] .
Other Methods
Besides the above-mentioned methods, other less formal techniques, tools and approaches have been used to assist decision-making. In this paper, for the sake of clarity, these are collected together under the heading of other methods. They are sometimes used as the only method to assist the decision-making process or concurrently with other methods. Most of these other methods are used as problem structuring tools. They can also be applied to evaluate the preferences of stakeholders or organise indicators. One shared feature is their capability to enhance participation and be included as components into various DSS.
Soft OR
Methods discussed above provide few opportunities for stakeholders to modify the decision process other than defining criteria and decision alternatives. As response, Soft OR provides tools for problem structuring and is easily understandable because of its graphical presentations and use of language rather than mathematics [118] . Soft OR includes several methods such as the soft systems methodology (SSM) [119] , strategic choice approach (SCA) [120] and strategic options development and analysis (SODA), where the intention is to help individuals consider the nature of the problem through negotiations supported by a facilitator [121] .
Cognitive Mapping (CM)
CM is an essential part of SODA and supports the structuring of the problem by providing visualization in a form of loops, linkages and possible trade-offs between the concepts. This can enhance understanding of the process, especially if the decision-makers are unfamiliar with numerical methods. CM can be derived from interviews, texts, questionnaires or causal relationship data. CM was first introduced by Axelrod [122] , but its applications in sustainable natural resource management are limited, but they have been applied to reveal ideas and thought of the stakeholders. Tikkanen et al. [123] mapped individual forest owners' objectives by CM during interviews. The results differed from those obtained from previous studies conducted with questionnaires. Robson and Kant [124] indentified forest co-management consensus-building criteria with assistance of CM. Also Isaac et al. [125] assessed local knowledge use in agroforestry management with CM.
SWOT and A'WOT
SWOT (strengths, weaknesses, opportunities and threats) is a well-known and simple method where strengths, weaknesses, opportunities and threats of the problem are revealed. However, linking the SWOT results to the following stages of the decision process is difficult [126] . To improve the usability of SWOT, a hybrid method, A'WOT (AHP in SWOT analysis), has been developed [96] . Using AHP within a SWOT framework helps to systematically evaluate the SWOT factors and equate their intensities [126] . A'WOT has been used in the strategic planning of natural resource management at the Finnish Forest and Park Service [126] , for forest certification [96] and for the strategic planning of a regional forest research unit [127] . Additionally, SWOT can be included other MCDA methods such as SMART and SMAA.
Interviews
Interviewing can comprehensively assess the objectives of the stakeholder, with SWOT or CM able to be compiled during an interview. Thematic interviews guide the direction to the discussion using certain themes, and this can help stress essential topics. Because interviewing requires considerable time and effort, the number of the interviews is usually low, which renders qualitative analysis and decision modelling but not statistical analysis. Pykäläinen [128] tested thematic interviews in interactive planning to define the goals of forest owners in numerical form.
Voting
Voting has for centuries been an important way of expressing decision-making opinions. However, it can neglect the voice of minorities and manipulation by voters is common [117, 129] . Voting has been used in strategic participatory planning [130] to reveal stakeholders' preferences in participatory forest planning [117] and sustainable timber harvesting [131] .
CASE STUDY MATERIALS
To compare methods supporting sustainable natural resources management, a sample of 35 case studies ( Table 1) published in refereed journals were assembled. The case studies included the implementation of sustainability, mostly related to forest management, but also those related to fisheries, marine protection, watercourse regulation and wetlands. The papers were gathered using Google (www.google.com) and the ScienceDirect database (www.sciencedirect.com), with the search keys 'sustainable', 'forestry', 'natural resources' and 'decision support', and with the names of the methods. No geographical or chronological constraints were included. Papers were gathered also from the reference lists of available papers. If several papers assessed certain methods, the papers were selected on the method being used, with as many different methods as possible included in the evaluation. Hybrid case studies were the most difficult to find, and consequently only eight were included. Many of the 35 papers analyzed used the word 'sustainability' but in some cases the sustainability of the process was addressed indirectly; for example: "…information is needed about ecological consequences of alternative plans, such as effects on biodiversity or on different animal and plant species persisting in the area. Information is also required about prices of timber, and costs of forest management options. Finally, information is required about values, opinions and preferences of decisionmakers and other stakeholders" [22] .
The focus of some studied papers was on methodological development and those were only illustrative without offering a direct empirical value. Nevertheless, they provided reasoned information on the possibilities of various methods to support the sustainable use of natural resources.
The 35 case studies were divided into four groups with respect to the utilized methods: 1) optimization, 2) CBA and monetary valuation methods, 3) MCDA and 4) hybrid methods ( Table 1) . Hybrid methods included case studies where two different methods were utilized: MCDA and one of the following: SWOT, CM, voting or interview.
Evaluation Criteria to Analyze the Cases
The selected 35 cases and the decision support methods related to them were evaluated according to five criteria selected from the recommendations obtained from the previous studies discussed in the introduction:
utilization of international or national C&I;
2. participation of stakeholders and/or experts and the general public;
3. passive and active participation;
4. use of ecological, economic and social indicators; and 5. technical-or problem-orientated nature of problem structuring.
In terms of defining the C&I, the case studies were examined to reveal international and national indicator lists. If the decision criteria were defined directly by the authors of the studied papers or the stakeholders related to the studied cases, they were not considered an actual implementation of existing lists of C&I.
Information on participants was collected from the case studies. In this paper, participation was divided into two groups: participation of experts/stakeholders and participation of the general public. Participation of the general public is related to obtaining information on opinions, values and preferences [132, 133] . Advantageous participation should include both the general public and experts [134] .
Participation was further classified to passive and active participation based on the activity level of the participants. Passive participation includes stating preferences, filling out questionnaires or answering questions compiled by the interviewer. Thus, stakeholders have only a marginal influence over the process. Active participation, on the contrary, allows stakeholders to modify the process. If stakeholders' influence is minimal, the motivation to participate in the process decreases [22] . Active participation of locals could provide reliable knowledge [135] , which might not be the case if participation does not permit open discussion and modification of the process.
The variables, indicators and other information used in the case studies were divided into economic, ecological and social factors. Because cultural indicators are difficult to separate from social indicators, they were included to social sustainability. To be genuinely sustainable, all three Dealing with uncertainties in strategic forest planning SMAA dimensions of sustainability should be observed. Dividing factors strictly into ecological, economic and social dimensions is, however, problematic. For instance, hunting could be classified into any of three dimensions of sustainability: hunting can generate economic profits and game management can additionally increase biodiversity. The social aspects of hunting and game management are dominant; thus, hunting in this paper is included within social sustainability.
The first phase in the decision process is to identify the problem and recognize the relevant factors and stakeholders in regard to the focus area [11] . After the problem structuring process, the choice of a suitable method can take place because different methods fit in different decision processes. However, the facilitator usually has expertise only in certain specific methods, and the method chosen has often been selected beforehand. Therefore, the method utilized in the process might not be the most suitable for the problem at hand. In this study, the paper was considered technically orientated, when the introduction of the studied papers described the advantages and limitations of the methods. In that case, the aim of the paper was to test a certain method that had probably been selected beforehand. By contrast, the paper was considered to be problem-orientated, when the introduction of the paper described the problem and the factors affecting the problem to be solved. In that case, the main focus was on the problem rather than on the methods. Additionally, a time horizon utilized in case studies was observed. In principle, longer time horizons support more sustainable decisions because future consequences are examined.
ANALYSIS OF DIFFERENT DECISION SUPPORT METHODS
The outcome of the analysis of the case studies is illustrated in Tables 2-6 . The observed differences between the methods of supporting the sustainable use of natural resources are discussed next.
C&I were frequently mentioned, especially in the MCDA papers, but only in few case studies national or international indicators were utilized directly ( Table 6 ). Instead of employing established national or international indicators, the indicators were defined by the authors, experts or stakeholders. Because the C&I approach to sustainable development is relatively new, the indicators were less abundant in the earlier papers.
The participation of stakeholders was relatively frequent: approximately half the papers included the participation of stakeholders, experts or the general public or all three groups in the evaluations ( Table 6) . Participation was especially associated with the MCDA and monetary valuation papers (Tables 3-5) , whereas participation was rare in optimization methods applications: only one optimization paper included participation in the decision-making process ( Table 2 ). The participants in MCDA and hybrid case studies were mostly experts and stakeholders from various organizations, whereas the participation of general public was rare. By contrast, public participation was frequent in the monetary valuation papers ( Table 3 ).
The form of public participation was mostly passive including filling questionnaires and preference measurements ( Table 3) . Experts and stakeholders, on the contrary, more often played an active role in the process (Tables 4 and 5): for instance, experts defined the objectives and indicators. In a few case studies where passive methods were used, stakeholders were reluctant to participate, or the response rate was low [78, 147] . When the topic was considered important, even passive methods received a high response rate [84] .
The three dimensions of sustainability were not represented equally in the case studies ( Table 6 ). Ecological and economic sustainability were considered in almost all case studies, whereas social sustainability was less processed (approximately 60% of case studies), especially when optimization ( Table 2 ) or CBA and monetary valuation ( Table 3 ) was used. Even when all three dimensions of sustainability were incorporated into the examinations, one or more were given less focus, e.g., social sustainability was evaluated only by recognizing some recreational value [137, 140] . Economic indicators were mainly related to incomes and costs, whereas the ecological indicators utilized included biodiversity, area of old growth forest, key habitats, carbon accumulation and conservation, for example. Social indicators employed in the case studies were, for instance, the visual quality of the landscape, berry and mushroom yield, recreational values and jobs. Additionally, the participation of the general public also indicated social sustainability. In this study, however, participation was not acknowledged as an indicator of social sustainability; it was rather considered a way to approach sustainability.
In most papers, problem structuring was technically orientated (Tables 2-6) in such a way that the purpose of the papers was merely to test or develop the methods selected beforehand. The monetary valuation methods, however, were problem-orientated, with less focus on technical issues. Systematic feedback in the form of feedback questionnaires was rarely collected from participants. However, in some papers [36, 97, 156] participants seemed content with the processes and the methods seemed comprehensively applied.
DISCUSSION AND FURTHER WORK
The results of the literature review of the 35 case studies showed that the different methods contribute to the dimensions of sustainability in various ways. The participation of stakeholders was uncommon in the optimization and CBA case studies. Stakeholder participation is nevertheless possible with the optimization approaches, for instance when the preferences of the general public are included in the valuations and expert views are used to assess targets and thresholds [141] . The results imply that more attention should be paid to the participation of stakeholders if optimization is to be used in planning the sustainable management of natural resources. General public participation was common in the monetary valuation case studies. However, the role of the general public was mostly passive because they had no power to influence or modify the decision-making process. The preferred role of the general public in the decision-making process should depend on the decisions to be made [29] . In the MCDA and hybrid case studies, the involvement of the general public was mostly absent because participants were more often experts with a more active role in the decision-making process. In MCDA papers, a typical task for stakeholders was to select and prioritise the indicators of sustainability. In most case studies, participants took part only in the problem structuring phases, and the authors completed the analysis. Stakeholders with expertise in decision-making could be included in some phases of the analyses, however, for the members of the general public this might not be functional because they Sustainable financing mechanism for marine protected areas CV might consider analyses too complicated to interpret. Consequently, it is reasonable to use comprehensible methods when there are members of the general public involved. Also, educating participants should be an essential part of the process if they have little experience on the methods. Nevertheless, including participants from the general public with a more active role in the decision-making process might not always promote sustainability, because their goals, strategies or practices can conflict with the principles of sustainability [134] . It should also be considered how much weight should be given to intuitive thinking by the general public when decisions are made [39] .
However, the participation of stakeholders does not necessarily mean that they have actual possibilities to influence the outcomes of the decision-making process. Such outcomes can often be decided beforehand, and in reality participation is used to convince participants [160] . Because the monitoring and evaluation of participatory processes have been neglected, the actual impact of participation on decisions is often unclear [161] .
Hybrid methods are thought to improve participation and the problem structuring of the process. Although hybrid methods are in active development in research, there was only a small amount of actual case studies where they had been utilized to support the sustainable use of natural resources. Because only eight hybrid case studies were included in this study, with most using MCDA and qualitative methods, there were some uncertainties comparing hybrids with the other families of methods. Furthermore, hybrid method cases, where monetary valuation or optimization was used, could not be found. In the hybrid case studies, more focus was given to defining the relevant factors and linkages, and thereby the problem structuring phase was given more attention. When a hybrid method was chosen, authors had an idea why one single method would be unsuitable, and consequently the methodological issues were given more attention. In hybrid cases, problem structuring was mostly technical, presumably because of technical challenges ( Table 5 ). In addition, the journal publishing the paper could have influenced the way it was written; thus, papers published in OR journals emphasized the technical issues.
The time horizons in the case studies varied from 5 to 250 years (Tables 2-5) , although in almost half the timeline of the research was not mentioned. The studies based on environmental valuation methods had shorter timelines (5-50 years) or the timeline was not considered (Table 3) because the purpose of the study was to survey the present state. In the future, valuations of the stakeholders could be different or the value of measurement unit could change. Optimization case studies constantly considered the time horizon ( Table  2 ), but the variation was large (5-100 years). The longest time horizons were in MCDA studies (up to 250 years) but the time horizon was often not observed ( Table 4) . In regard to supporting sustainable development, however, the time perspective of evaluations is a fundamental question. The decisions made at present should not endanger the welfare of future generations, and thereby a longer timeline enhances the sustainability of the decisions. In other words, sustainability within, say, five years could be remarkably different from sustainability within 100 years.
The utilization of national and international indicators was scarce in the case studies (Table 6) , because most authors defined the indicators by themselves, or stakeholders and experts were assigned to compile suitable indicators. Based on the results of this study, it could be beneficial to utilise both regional and national indicators concurrently, i.e., multi-scale indicator lists. Regional indicators could be compiled by stakeholders to meet local needs, whereas national indicators could be applied when there is a need to compare regions. For instance, developing and developed countries might have different needs for sustainable development indicators. Indicators utilized in the case studies analyzed in this paper, however, were rather similar to the national and international C&I. This indicates that indicator sets influenced the selection of suitable decision criteria. For instance, biodiversity is an indicator of ecological sustainability in various lists of indicators [162] , and was employed in several case studies, although author(s) did not mention using national or international indicator lists.
The indicator approach to sustainable development has several problems such as a lack of suitable data [9] or difficulties with quantifying indicators [163] . The availability of the data can determine the usage of indicators [139] . The C&I are foremost used as political tools [9, 107] , and thereby their usage in direct decision-making is scarce. The most notable obstacle is an indicator set's failure to meet the challenges and purposes of actual, real-life problems. Because indicator lists have been developed without considering their specific utilization, their application in actual decisions-making might be ambitious [164] .
Indicator sets have been compiled since the 1992 Rio Earth Summit and as such the indicator approach is relatively new. In the case studies, the use of indicator sets was concentrated in papers published in the 21st century. Future indicator approaches with additional modifications could become an established method of assessing the sustainable use of natural resources. Compared with the current situation, these modified indicators should be more problem-oriented, reliable, measurable and available to users. The current verbal targets such as 'preventing biodiversity loss' are often too vague, and this can lead to neglecting targets because of difficulties with monitoring. When applying numerical objectives, by contrast, monitoring can be carried out more comprehensively when reliable data are available. If numerical targets are impossible to compile for some indicators, verbal targets can be applied, but only if there are clear instructions on how they should be acknowledged.
The most problematic dimension of sustainability seems to be social sustainability. In particular, optimization, CBA and monetary valuation case studies failed to evaluate social sustainability (Tables 2 and 3) , whereas in the MCDA and hybrid case studies the indicators of social sustainability were included in the examinations (Tables 4 and 5) . Indicators of social sustainability are few in number, and can be incomplete, vague, meaningless or difficult to measure in several decision support frameworks [165] . International social indicators are presumably unsuitable for regional decision-making; hence, there is a need for regionally defined social indicators with stakeholder participation. Allowing wider participation with a help of group decision support systems (GDSS) [166] could provide new perspectives to social indicators. It is questionable, whether all relevant social indicators can be directly measured numerically. Thus, the methods utilized to assess the sustainable use of natural resources should deal with both quantitative and qualitative data. In this sense, MCDA methods do not have strict requirements on the data and thereby seem to be promising tools for assessing social sustainability. By contrast, when applying MCDA methods the problem structuring phase is usually not as thorough, and it would be beneficial to use additional methods at that stage of the process. Potential tools for problem structuring include CM [156] and SWOT [126, 155] , which both have the advantage of being understandable and modifiable. Moreover, in both the participation of stakeholders is active because they can express their opinions and concerns freely. CM can be used to reveal possible linkages between indicators [156] and visualize the problem to stakeholders. A modification of classical CM, fuzzy CM (FCM), enables the modelling of complex relationships, whereas SWOT provides a potential platform for discussing and defining relevant factors and trade-offs. SWOT has been utilized, for instance, in regional forest planning in Finland [126] .
Another potential method for problem structuring is soft OR, although its usage in assessing the sustainable use of natural resources is currently limited. The employment of soft OR increases the participation level of stakeholders and provides a detailed definition of the problem including the relevant factors and possible trade-offs [17] . Therefore, applying soft methods in the first phases of the decision process could be beneficial. However, some experts of hard OR think that soft OR focuses on defining the problem, but rarely reaches consensus or provides results. Similarly, soft OR experts can have prejudices against hard OR, believing that it focuses on numbers and quantifying the problem and ignores the actual problem structuring and the people involved. In conclusion, a collaborative transdisciplinary approach is essential to bridge the gap between hard and soft OR.
It is important to use the qualitative preferences of interest groups or local inhabitants with technically sound methods. For example, feedback during and after the planning process is rarely collected [133, 167] . If the feedback is not properly addressed in the creation and selection of the regional strategy, there is a risk that the outcome will be unacceptable in the eyes of different stakeholders. Therefore, developing methods for visualizing and concretizing decisions and their effects on stakeholders and the public is crucial. Generally, decision-makers prefer making decisions based on their own intuition or experience rather than utilizing obscure models and methods [153] . No matter which method is being used, the decision process will never reach absolute objectivity, because even the selection of the method -or initiating a decision process in the first place -is a subjective decision. Additionally, decisionmakers' preferences will influence the selection of data, methods, objectives and stakeholders. Consequently, none of the methods discussed in this paper can be considered objective or equitable.
CONCLUSIONS
The main focus in this paper was decision-making in forestry and other natural resources, but the findings can be helpful both in a theoretical perspective (e.g., theoretical development of the methods) and practical decision-making. The hybrid decision support methodologies and approaches can be applied in a variety of decision-making situations, and could benefit both the developers and facilitators of DSS as well as decision-makers themselves.
The findings of this paper indicate that the ideal decision support process to promote the sustainable use of natural resources has some special features. First, the methods applied in the process should include economic, ecological and social dimensions. However, because data on the indicators of sustainability can be incomplete, subjective or in numerical or verbal forms, there should be no restrictions on the form of the data used. The ability to apply divergent data poses challenges for the applied methods.
Second, because participation has become an essential part of sustainable development, the methods employed should allow for the participation of various stakeholders. In addition, the methods should be comprehensible, because the stakeholders might have little or no education on the technical details of the methods. Because the available time is limited, the method should also be applicable in a reasonable time and with moderate effort. Additionally, the applied methods should allow the stakeholders to modify the decision-making process, because passive participation, with no actual power to influence the process, can cause distrust and frustration among the participating stakeholders.
Third, during the problem structuring phase all relevant factors from the final decision-making perspective should be addressed and included in the subsequent phases of the process. Nevertheless, revealing the relevant factors and recognizing the trade-offs and conflicts is inadequate because, in most cases, the purpose of the process is to reach conclusions. Consequently, the methods should also provide well-designed tools for evaluating the alternatives and enhancing the agreement on the final outcome among stakeholders.
Fourth, no single method can face the demands of an ideal decision support process, and thereby the utilization of at least two methods might be required. Hybrid methods are potential tools for providing solutions to the participation of stakeholders, data quality, problem structuring and the systematic evaluation of alternatives. Qualitative methods (e.g., CM or SWOT) can provide stakeholders efficient and convenient support in the problem structuring phase, whereas quantitative methods (e.g., MCDA or the various optimization techniques) help them evaluate the different decision alternatives. When deciding on the sustainable use of natural resources, hybrid approaches can provide much needed structure and support for the process.
